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Antibody to carbohydrate and polypeptide epitopes on the
surface of schistogomula of Schistosema Inansoni in
Egyptian patients with acute and chronic schistosomiasis
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-a-&-Inorbrd Ad& - U sl hih too b-n trassed so sra-c oohue -illncote or

oinbeuydraae hd asanuao the anoms &stcd flc S1, 3S And 32K A.izmt -e fo-ad to b pempktatd 1,y
m-osti- wo pm a-onuao 'e and partudarvonois p.poptid rttpan. These, ems e Annsaem isitit e=g

acuseilctionthan as chroic etsos..lndeedth rbecnceofanvher kelf3-o(-cmanduti-cbhydriar
oatoity directed sast t-ttuotutnface irtponv . Am aster, mu- poel -ba - a chronic -o~ poolss
euntirdi by m.r-enont of andtbodi; biting to link sittita-otontb.

INRDUT01extracted 'erm tatsoouA.lthough it has mot
been deoomuated ulhether these are expressed otn

soinulumt surface recognitton by maeine IgG htas el al. (19SS) found that there msno a correlation
dnmndtodincsetsofepazopt.orethn betnscett thec nels of antibody to caeboh~drate,
90%o of such] epitopes are sodium inetpieetodate, epitts extracted from the tehisiosormulut and the
Setnitise carbobldrate siructures sibto eros-ecaca egm and a correlatton betueren Antibodies to non-
stith the paaie eg. A smaller piercentage are non- rrboh~dete epitope extracted frtom the tchisio
caubohydrate steuictues that do not ceoss-react stith tomulumn and the adult smore. "hem obsenaitm
,he eg (see Kelly (19S7) for riniest), Epitopes of ac consistent ruth the epitopen hbetng shared he-

bohtypes, hate born shinto to he the target of tsneen the espectnte life-qcle stages and stzgest
proteetise munne tmonoclonal antibodies and are that similar surfoe epitopes inea he rrgoted b)

* thus poltitiall targets of protetise immune ce. human and murine, antibodies.
srponesc OmerAl t a-jl. 1988). lmmunopireepitation In order to tent this possubilit1 the speeictts of
expeetments hawe idenitified sclustustoulumn utface antt-schistonmlunt surface, KgG antibodies in the
antigenes of U,> >200. 3S and 17K bxftk express, ra of Egyptian patients infrcted ttith S. voisoae
eeg-croso-reactse, carboidrate epatopeis And ants. hate been examined Sierumri wa taken from both

* gent of .14 38. 32 and 20K ttbsch express non. acutely and cronically infected indisduals, Acute
carboh)dfratr epitopen, (Omer Aliti tl 1988), tchisiosomistius t)ypicall occurs 1 -2 months after

Ilamas Antibodies, hate been, shots- to imunor- initial exprore to inoerted uater andis diagnosed on
* precipitate uchistosormulumn burfac antigens of sint. the basin of fence, moineophilia. stool examination

lar .14 to those, ceogmoed by mice (Simpson et at. and terolog (see %on lfichtmenhee, 1987) Coin-
1986). Furthermore, antibod) has bee detected tn psso of the imtmune resronse of such paitientt
the sera of Kenpan children infected stith S. mantoni st those knoun to hate bEen infecterd for senrall
to both camhoh3 drate and non-carboh~dcate epitopes, 3cars eniables er) and persistenit responses to be

differentiated, It tras emsidered that such anal~is
tReprit reqoot to D, A. 1. G Sipson ma) ho of tslut is determining responses likel) to

Paaaaa f9t)9. t-45Prote OsC-roifio



ctorbtrx to resnazcet rta caom s~b has, peccno. G (rnsep Brlytica) to deen bond
been sboissi to derut~p col4 fwo semA yeartof 2=ibn. Ra i-socnse labenlin L-4 andertaken
expiosue Ja isbuidd a codrooc eemninnxn semz I dngrxFraker& Speck. I M.rsdaiocono
(Buto.'uth & lagan. 1937). sporie carstyof -4x lO~cpn/pg.

Schiszosnila .- suslare labelld using lodo-
,- and to1.ahld -oisten (1-2tx IO'pn) p-e

OATEICRALS A-.O METH0DS tipstizad mt 2 1/l0 dilistion of tanibody andj-ik proc.1-A Sephanom, (Pnarmacda) (Keids en 1

A Poems man. stro fiS. asionsm mioutoi . 125 % SDS-polycy ladegetsih.- rsub-e
bzn. n d LiR-pW iogfolrwir the NX6oIn quently drid and exposed for wcdogphy. Pise

ftniuof~cedlwd~ndonudsrog- qaniaiv-e anrdysmi,e a 2woadiographs twee scn,-
out the study. Schimonns scree prepired! by tied using 2 Joyrr.Lobd dimitontesic and the

me t.rol niforniton of crntand sia- intenity of inidoul bands calcualated as 2 per.

batn lite 3h Is2 37 C in Eucls Salts plus lae- centgeotletoW pp.Thion eaeof
tai1,i~-nin hydroleysate (B am-Pinto t at. 1974). the %ariation or the relaire intensity of indiidunal

bands between dhe acute and chrosnic anoms

Awkwoo caclo usin Su Cmo tem.

All lIsnanr Sets mee collected froan tifents a d- pl~ r ca nseet ihosomo i
nsitted in the FUO sard of th, U.S.:. ~ssl edicil
Reseaech Unit No. 3 in the Abbassit, PSe Ilo 'aisal. ' -
Ciio. in 1983-S6. All sero uxe Stored at -20*C Adult sortms and =gs uo honoenmnrul in phos-
prior to eologgin)S.Nonofthe patents ad pliate-buffered iline. p'

1 
74 (PBS) rmatining

loen precously treated for sistoonsis. 10 nfl eth'ilnediarninvtetracise ocid (EDTA) to
Tusehe tets mserecollected from patients msbo had gse a ustjenvoinnaining pproxontely 10rtz/

been diagnosed as Suttering from acute nsiso nil ot protein. The honirogrnatris 'seet disided into
siai. Thespaints v'errall w ut~lers ho thee parts. The first ms digevted ssith lOOpgJniI
isce exposd briefly for thse first tinme to infected of peoteinase K (the reaction being stopped bsy the
Nile mater. Eggs of S. omanswoo %ee found in all addition of phenylrseh~lsulfhonl flutodent afinal
ptistt . although repeated stool examninations Or coneentration of5 mmfl), and then boiled fr I h. The
recta snip mecm required to find the eggs in noose, second utis incubated ithu 100 ins sodiuni meta-
ease, 'Me patients ranged in age birtsern 3 and 14 pertodate for I It at ron tenmperature and the
years and bW fesee of 3-8 necks. duration .sith reaction stopped by the addition of eihykene glycol
diaaehoeit, high rosinophilia and palpable tender at a final coneration of 100 ins. The thtrd ntis
livms The length of freer is consistent mith all the diluted with PBS to gise the Samoe final peotein
patients being infirced 8-13 msl. peior to seumt concernteation as the treated antigens. The treatri
collection. antigns msere dislysed osernighlt against PBS at

Thieteeni patients fronm rural coomtinitues had a 4*C. For absorption each antigen %ias incubated
ssell-docuimentedaise inferction of at least 3 years osernight at 4 *C ssith an equal csolume of antibody
They, mere all excreting eggs in their facets and The particulate antigen ssas then remted lee
ranged in age beisseen 10 and 24 years. Precise age cetrtifogattn at I2000y for 10 min and the super-
matching of the too groups of patients was ot natant fraction .aed foe tMMonOprCtpiiatmon
fieasible since acute infection tenids to occur in
younger patients an,; patients ssiih doczurented CVT
infectioofma least 3 yeas of the sane ages mere not
available, Immunoprecipitation of tnl-wbistosoulsnt stir.

Pools of the acuite and chronic sa msen, con. face antigens was undertaken ssith sera front i.
strasted by mining ettal $Opt Samples of each siduals diagnosed at bring acuitely or chrontraly
scimnt.The serum pools mere also stored at -2O*C infected sIth S. mosst(Fig I A and It) [loth %s

Normal scm timere obtained from healthy lab- of sera prodsce.1 sortable precipitation of labelled
oratory ssorkers at NANII 3, Ciro. protetns of 311, 15-LOK and 60-100K The major

feature of the precipitation profiles. ho me.sere
the .11, > 200, 36 and 32K antigens. The chronic

,lntgnt de. on Ot~tisera consistently exhibited an intense precipitation
Nslestienitt Of antibod) binding is intact and of both the 11, 38 and 32K antigens. ssherea the
Sodiuns metaperiodate-treated sobistosontula nas precipitation of thrse antigens sias more sortable,
undertake, exactly at described preinuly (Omr amongst ibs acutestees Fosr acuie term preferentially
Al i of. 1986) using "llprotein A (Sigma) or -1. precipitated the .11, 38K antigen and one contained
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patients uithrotshitomitu .pepttrnwtntmlhmnsrm() muoeiptunf
* "schistu-rolum surface antigenso with antihodies fero indu'idial patientu with chronic suhnti-os

no detectable IgG antihody against other of these Thius method of quantitatlon wias t.ed to control for

tuoantgenu. All thesrated contaied antiodiesu possible sartations, in the amount of antiholy or

against the .11, > 200K antigen. Iluweser. the pro- radio-tope label"et protein in toditiul piecipi-t
* cipiiatiun of this antigen, Ly t-. acute tra was tattoos The percentage of total precipitation eonsti-

relatisely more intense. Quantitatri arnalysiu of the toted bi) the Af, > 200K and the .11, 38 and 32K
tmmenoprectpitattons. %as undesishen by scanning antigens combined Auuhnwn in'Vahle I Comparison
the autotadiographs of the gels ws th a Joyce-lobel of the results by Student's t test demonstrated that
densitometer. The relativ intensity of immuna- precipitation of the.1l, > 200K antigen constituted a

precipitation of indisidual bands ssat Calculated as a significantly greater percentage of the total pre-

percentage of the total Precipitation in each lane. cipitation in the acute urea than in the chronic sera
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ig. 2 (A) lntonopeenspattoof "ul~uhisriooolumn surface antigron, 'ith antibodies, fron toes pooled

acue seu (diluted nob PBS5 to rontrol foe the dilution that occurs dunug abtorpion. toe M1aterials aud
2lrslsds --cio); b. act t-cu absorbed scoh ntsad sholc egg liotuncat.c. acute -cut absorbed sith
hococare digestrd s protcsuau K and boiled, d. acue -oe absorbed nth honsgriurtred no
uourt issrpcendate; 1. neal human icovn. (BI) Iumuprti~i of -'~oisnoubu sfaceh
antigen nbh antibodi front -le pooled (eons patieuts -suh chrouic schiutosomiasdi he ffecit of
absorption stith olen rugbnograte a. Nosonal boesanr serumar. 6. intact churnc tcum (diluted sith PBS
to cotrol for the diltion that ocurut dueing absotption. tee 2loutl and 3lesbodo secsion). c. chronic seorm
absorbed su Itutocs homogenate. if. chioic ncumi absorbed nith boasegenate digested uth protetnsae K
and Soiled. e. chronic ncumi absorbed wish hsrnogesatr treuted nub sodium t-rraeeodate

Table I Statistical analysis of the relator lesels of cucies to the epitopes recogntoed on the principal
uieoeuopretiitatiou of the .11. > 200K aud 31r ochstosomnulsonr surface antigens of 31,4> 200, 38
38/32K "chisiosomun surface anltgrnn by and 32K mere assessedl by absoejior expierimeents
antibodies to the nero of patteots sstth acute and using serumt pools. Absorption of the acute serum
ebroote ncbtstesooeiasis pool with a shroon egg bocuogenaic greatly

(The %atoes for the unteooprrtpitation of the a rtig.m cesi its abilay to precipitate the "' surface
.- calcstated by dtdig the ab-hae ctrepondig antigenu (Ftg. 2A) Pre-treatment of the egg bomno-
to each sotigen hand on the autor.digrapI, shon in FPg roate by boiling and digestion usih proteina,, K. to
1. by the total obsorhance, for all bonds is the imumuno- destry polypeptide epitopes. dtd not affect its abilit
precpitte) to absob aoti-M4 > 200K antibody but did redoce

it bility to absorb ant-I.r 38 and 32K aetibody
Patiet type Nutmber If, > 200K M1, 30/32K P1re-eatoeut of the boseegroate usith periodase on

Acute 12 407±21-3 424±t150 t he other bard, presented the absorption of the anti-
Chronic 13 134±41 49-0±5 4 Afr> 200K antibody but net the aoti-M, 38 and
Sig.'ioncer t.- 432 1-1I2 32K antibodies Thus the oti-f, > 200K antibody

f <0001 P 's is the acute ser pool ts directed agaist poriodate
sensitie, proteas tosennitise epitopes ishich ace
shared twit the schistososue egg Tbeantt-Atr 30and

The .14,38 ard 32K antigeons, on the other hand, did 32K antibodies, on the otber hand, are directid
not constitute a ignibcantl) different proportion of against peciodaic insentitise, protease, sensitis poly-
the total precipitation tn the too groups of patients peptide epitepe

The cross-reactisit botocin life-cycle sta en, and Absorption of the chronic seroum pool mith egg
the contribution of ciarbohydrote and polypeptide horoegenate only resolsed in a reduction in the
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Fig. 3. leruneoprci putauo of "l-chtosonnlum surface antikens with antihodies from seem pooled from
patonts ithls te and chrooi chi i and the efrc of absorpti mt mwhole adult worn
homogenate. a, Normal human erum; b. mitast chronic serum (diluted with PBS to comrol for the dution
that ocurs during absorption, oee Maternils an Mleshod. suction); e. chronic serum absorbed with ntact
homogerar. d. chronic srum absorbed nth horogenate digested wath prottrintrs K and boiled. e. chrome
trum absorbed with h<ntogrnate treated ith sodium esiaperiodate, f intact omute serom (diluted wih PBS
to control for he ddution that occur during absorpton); g, acute serum absorbed with intsct hontogenate.
i. a1ue serum absorbed wish honsogt ligeoted with protenae K and boiled.,, acute rm absorbed

with homogentate treated %ith sodom nta-.toiodate.

relatisely sseak preipitatioa of the 1, > 200K immunoprecipttation of iil-surface antigens thus
antibody (Fg 2B). As with the acute rerum pod1 demonstrated that the 11, > 200K antigen is the
this absorption ss-as abolished by pre-tsatment of principal target of egg-crouo-reactme anti-earbo-
the eg homogenate ssith periodate. The-e tas no h)drate antibod) in the patients enamined and that
other reduction of precipitation This indi-ated that there is a sgmfieantly greater proportion of anti-
shereas anti-egg antibod) contributed the majority surface antibod) directet' against this antigen in the
of the anti-schistosomulun surface IgG in the acute sera of acut patients ti-an chronic patients, If the
serum pool it made a negligible ountriition to epitopes recogutoed on this antigen are esposd on
surface recognition in the chronic serum pool theschistosomum surfaeeand consttute a signifiant

Absorption experiments were also undertaken proportion of the total suface epitopes as they hase
using an adult usoum homogenate (FIg .) Ab- been shown to do using mouse see (Omer AliiaL
sorption of the chronic serum pool completel) 1986,198S), a tignificant difference in the binding of
abrogated its ability to immunoprectpitate s:hsto- the serum pools to mhole schistosomula sould be
somulum surface antigens. floiling and pioteast predicted To test this prediction binding assays to
treatment but not periodate treatment. pre-ent(d whole schistosomula were undertaken The binding
the absorption of anti-M, 38 and 32K antibody, of the acute strum pool to intact schistosomula nas
demonstrating that these were entirel) directed at found to be approximately S-fold higher than that of
polypeptide epitopes. Absorption of the acute scrum the chronic pool This high lesel of binding of the
pool with the adult homogenate did not altorb acutestrumpoolwasreducedbyl83%byabsorpton
antibody to the M,> 200K antigen althougl the with egg homogenate (Fig 4) In contrast, no
precipitation of the 11, 38 and 32K %as abolished As change in the lesel of binding of the chronic serum
in previous experiments absorption of these jnt- pool was detectable A similar reduction in binding
bodies as prerented b) protease but not pertiolte of the acute serum pool resulted from the pre-
treatment treatment of the schistosomula with sodium meta-

The analysis of surface antigen recognitior by periodate which did not alter the Irsel of binding
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Fig 4 hThe bindin of odien frr rooted from
pathh it h ubtaterid chronic oh rstoioass the

20 h surfacehof'srhioal ao teored cub no-iifi A
arid 'nu proseiri2 G. o liaus maked tO ,7 1 birs ndiog
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netap'siodte.NtiS. noinal Immait seorm Each
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Fig 4 ohe binediog of ani bod-rn from dram pouted from
patieiit h acute sod chroni cphtiiosolmsts, so the out precipitated by a1 the acute tees the statistical
srface orfsetromul. hatched barsprrin aM-l 1r1it : re led that there -ais no sigoificat
binding of anitibodty absorbed wsith thole eg diffeenrce hetcten the too groups Iodeed the
hosriogsre, NIIS a t orii serum. Each .tserumof teo or of precipitatitor of the .11, 38 ard 32K
tsool ima used ass I/tO dilationr Each hart the aiRrage antigeni striltig both by aritibosdies from the
of duplicates chronically irfected patients i h cluded to the present

noud) ard from ifecteds ir iduas ti endemtc areas
exhihited b the chroric pool (Fig 5) In this ofStLutcia(Simpsonetl. 1986)s aip e7dl e 9(D 6,
experitmeot proteutr-O, hiuch birids to all humani e o, 1984) It is clear that the recogitiori of these

gG subclasses sr used to exclude the possibility of too artigens cootraits that of the majority of
significant leel ofnratedrboh drate antibodisfro antigonic polypeptide geoerated by the cell-free
to the s otire chroni patrents isnich ioud r ot tranlairon of mNA cheer the recognition of
be recognizedl by podi-A tnrid.,hdsial proteins sand greatly bster sees

(Ilottercoth et is! 1985; Simpso 1i o1 1986,
tItctsru Neoport t of 1988). Indeed, in th is study. the

mmmooopcesipitation of the3!, 20K antigen as uell
It has been detonstrated here that antibodies from tshne rattge-sf44-f nroniserliy
Egyptian patients both acutely arid chronically peecipitated by the todisduat sera
infectednith S.mrasntbind toheebiitosomls Ise chemical nature and Iifc-cycle itsgc cross-
sutfsce arid immunopfreipitate sutface antigens. reactisty of the epitopes on she.1f, > 200, 38 suit
Immunoprecipitatiun of it

5
Iusettosomolum sric- 32K antigens ssere essoined usiog separate serum

face antigens isith roiidual seest demostrated that pools constructed front the acute sod chrooisera it
all those tested contained antibodies against the c.as thus demonstrated that the .11, > 200K antigen
At,> 200K antigen Ilor iecr, qusnttatise analysis cas recognized %ta carboh)drate epitopes oshich
ottheimmunoprecipitations resealed that there %sas could be absorbed nith an egg honiogenate Irs
a statistically significant difference in the relative contrast, antibody to the 11, 38 ani 32K antigens
intensity of precipitation of the 3f1 > 200K antigen oas found to be against pol)pepsde eptopes that
by antibodies in the acute sees than antibodies in the could be absorbed cith an adult torri homogernatc
chronic sera This indicated that there is more anti- In the case of the acute serum pool, uist o th.
311, > 200K anthody in acute sera than in chronic chronic serum pool, there nas als) an apparent
sera. cross-reaction of epitopes recognized on the 31, 38

All the chronic sera and the majority of the acute and 32K antigens th the egg "I bus there ma) be
sera sere also able to precipitate the Al, 38 and 3214 io l els of these antigens present in the egg Mitch
antigens. Although the 1, 38 and 32K antigens -er i see suisient to absorb the ant-1, 38 and 32k
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attibody fronm the ae serum pool hut not from the canbohlsdeate eptopes. including these expressed on
chronic seruim pool. It is possible. hones-r, that the the M1, > 200K anttgen hase been delected an ntace'1 apparent abnorption is doe to proteolytic activity 12-15 sweeks after infection (Omer Ali ego!t. 1986).
associated woith the e= honsogensat wshich degrades Addittonall). anti-pol) pecptide antibodies specific for
the lowser level of antibody to the Mt 38 and 32K tbe.1, 38 and 32K antigransbaicbeen found bothtin

L antigens in the acute setrm pool but is not sufficient infected mice and anice saccinated sill, highlr3 - to Jetectai reduce the higher Ins rlo of antibodies rrrataterd cerartae (Omner Ali el a. 1939). Thus
against other antigens. The redaction in absorption there are strong similarities between the anti.
as a reolt ofidtgestion ssith proteinase K and boiling schistosomolum sorface antibod1 responies to isn
is consistent wsith this hypothesis. and the mouse model.

Thec prinicipal findings from the immuooaprecipi- Mlorie MonIoclonal antibedies specific for cambo-
tation enpecriments are the follossiiig. (1) There are h) drte epitop on the .9!,> 200. 38 and 17K
different lesels of IgG to the .11 > 

2
00K antigen to anttgens as it ell as a monoclonal anibody agatnst a

the nera of tI-c acute and chronic potients examined. n-ncasbohy drain epitope on the M1, 32K antigen
(2) The epitopes reclognimed on the M1,> 200K base all been found to passisely transfer resistance
antigen am cpeident on cirboh) dratemoieties that (Oune Ali et at. 1988) Thus it is possible that the
are cros-reactisecswith thescitsme (3)Thetre human antibodies descrnbed in this paper ma)
are no significointly different lesels of anti-If, 38 mediate immune killinginrman Ilsieserresistance
and 32K antibodl} in the sera of the acte and to reinfection deselops talosl) after initial infection
chronic patients although the Irsel Of antibodies to (Butterssorth & llagan. 1987) and it.isreasoable to
theseantigensm in more variable in the acute sera and, postulate that persistent rather than transient early
asarestltthe) arefousdataloserlese inthecacoate responsesarm more bkel1 to contribute to protectisec
pool. (4) The epitopes on the 38 and 32K antigens iomunity in roan lised on the findings in the
recognieed by human serai are polypeptide and are presetstudy, usiog asmall nunmber Ofseraihe ani-
strongl) cross-rinactie wsith the adult ssott but polypepltide antibodies directed against the .M, 33
siralily. if at all. wsith the egg. Thes findings are and 32K antigens rather than the anttiraboh~drate
consistent ssath egg-cross-reactiseanti-crboh~date antibodies directed against the Me,> 200K antigen
antibody making a signicantl} greater contributiun are more litely to contribute to prutectise immunity
to anti-histoaromulum surface antibod1 in the sera in ran 'e Neriheless. the finding that these antigens
of acute patients than in thme sets of chronic patients. are also recognized by acute patients in consistent
This, nan indeed demonstrated b> surface-binding wsith the hspothesis that potential]) protc re-
esperiments using serai pooled from the tio patient spouses are blocked early in infection (possily bs
type Thnea demonstrated that pee-absorpiun of aoti.catbohy drateantibodies) assuggested bylBotter-
the sertssithrghomogeoateror pre-treatment of the wrorth And Colleagues (wo Blutterworth & Ilagan,
schistosomulom surface wsith pensodate both greatly 1987) Itis also possble that there are differenaces is
reduced the binding of the acute serum pool but did antibody isotpe or affinit) in the asiti.M 38 and
not alter the binding of the chronic serum pool 32K IgO response, during the course of infection,

These esperiments demonstrate, that the corer- both of sshich lase not been measured in thc prescnt
lations between human antibody leselo to rarbo. rktt
hydrate epitopes extracted from the schistosormulum
and the eggassiell as between aotibody leseloto non. Wetink Fiona Ilackn furosidioc the past material

carbah~rat claope; ctraced romthe chito. used is this stud) Thus sork. cam supported in pars by a
corohyroe eitoesestactd romthescist- rant frm. the US NAal Medcal Researh and De-

somulum and the adult smorm (Dunne el aif 1988) inlopesent Command, Bleihesda, MD1) sir unit No
can be Accoonted for by the recognition of cross-. 3%116ll021IS13-Ali311 The opinions asd ausettioss
reacting epitopes, and that at least some of the Contained herein ate the prriaterooscofithe authorsrandam
epitoapes in iquestion are evpoved] on the schisto. not tube cntrorud as official or as elesting thessof
somulum outface and establish the polypcptide the Nosy Department orthe Nasa Seni- at larce
nature of epitopes previusly defined as 'son-
carbohydrate' (Omur Alt agof 1986, 1

988
; Donr ei ntl ~c

at 1988) 'The findings ace also consistent wcith the 5Mnlt55omi. A I . itsSati P (1987) Inmmunt1 af
observation of D~unne and his colleagues that ana humas suttootii uairoog Tud., 3, 11 1
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